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Abstract 
For the magnetic flux pinning in YBa2Cu3Oy (YBCO) thin films, artificial pinning centers (APC) like BaZrO3 and BaSnO3 
nanorods act effectively when magnetic fields are applied parallel to the c-axis of the YBCO thin films. However, it is necessary 
that APC exist into a three dimentional shape and random distribution in order to enhance Jc against all angle range of applied 
magnetic fields. In this study, we reported YBCO thin films with low anisotropy of Jc against the magnetic field applied angle. As a 
result, using off-stoichiometric target composition of Y : Ba : Cu = 1 : 2 : 3.4  and high substrate temperatures, the YBCO thin films 
which were prepared by pulsed laser deposition method at more than 890ºC showed low anisotropic Jc , since the films included 
pinning centers acting against wide angle range of applied field. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
   Typical superconducting transition temperature (Tc) in YBa2Cu3Oy (YBCO) thin films are about 90 K. They are 
expected to be used below liquid nitrogen temperature (77 K) as cable and superconducting magnet. These 
applications require high critical current density (Jc) in magnetic fields and low anisotropy of Jc against magnetic field 
applied angles. By the recent studies, Jc of the YBCO thin films were drastically improved by addition of BaZrO3 and 
BaSnO3 [1, 2]. However, they are not effective for an improvement of the anisotropic Jc in the magnetic field. D. M. 
Feldmann reported that three dimensional artificial pinning centers (3D-APC) were introduced by changing substrate 
temperatures (Ts) during the deposition by pulsed laser deposition (PLD) method. The 3D-APC are mainly granular 
precipitates in normal state and they are expected to exhibit an isotropic flux pinning. In this study, we aimed to 
control an introduction of 3D-APC into YBCO thin films prepared by PLD method with controlling composition in 
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YBCO targets and changing Ts. Then, we identified the 3D-APC in YBCO thin films from an estimation of the 
coherence length and TEM images. 
2. Experimental 
   YBCO thin films with the thickness of 300 nm were prepared by using pulsed-laser-deposition (PLD) method 
which used KrF excimer laser (O=248 nm) on SrTiO3 single crystalline substrates. We used several targets and their 
composition ratio were (A) Y : Ba : Cu = 1 : 2 : 3, (B) 1.1 : 2 : 3, (C) 1 : 2.2 : 3 and (D) 1 : 2 : 3.4. We employed 
substrates temperatures (Ts) with a range from 860 to 900ºC, oxygen pressure of 350 mTorr. As measurement methods, 
microstructure was observed by transmission electric microscopy (TEM), the surface morphology of the YBCO thin 
films were observed by atomic force microscopy (AFM) and superconducting properties were measured by DC four-
probes method. 
3. Result and discussion 
   The superconductive properties of Tc and Jc at 77 K and self field of YBCO thin films which were prepared by using 
each target were listed in Table. 1 and Jc in the magnetic field were shown in Fig. 1. AFM images of surface 
morphology of each sample were shown in Fig. 2. From the Table 1, we could not recognize a drastic change among 
the samples except for the sample B  Tc of the sample B was lower than those of other films, because of  a lot of 
precipitates on the surface observed by AFM images as shown Fig. 2..   
 
Table. 1. Tc and Jc at self field of YBCO thin films using each target 
 
Sample A B C D 
Target composition ratio (Y:Ba:Cu) 1 : 2 : 3 1.1 : 2 : 3 1 : 2.2 : 3 1 : 2 : 3.4 
Tc [K] 90.0 87.9 89.2 89.5 
Jc [MA/cm2]      (at 77 K, self field) 2.3 1.9 1.7 2.4 
 
   However, Jc exhibited an interesting change in magnetic fields as shown in Fig. 1 (a). In the case of sample B and C, 
Jc decreased as compared with sample A. However, Jc of the sample D increased as compared with all other samples. 
Therefore, there is a possibility that certain pinning centers are introduced into sample D.  We thought that the reason 
why Jc decreased in the case of sample B and C was due to precipitates on the surface observed by AFM images in Fig. 
2. Moreover, Fig. 1 (b) showed applied field angular dependences of Jc in the YBCO thin films. Here, anisotropy of Jc 
is defined by ratio of the maximum Jc(T) to the minimum Jc(T). From this figure, the anisotropy of Jc in the case of 
sample D was lower than those of the others.  This result indicates that 3D-APC are introduced into the sample D. 
   In following experiments, we prepared YBCO thin films by using target D at various Ts.  
 
Fig. 1. (a) Jc of the YBCO films as a function of magnetic field applied parallel to the c-axis of the films, (b) Jc of the YBCO films as a function of 
magnetic field applied angle. 
 
   Fig. 3 presents the applied field angular dependence of Jc in the films deposited various Ts. The curves changed 
relatively continuously from Ts=860ºC to 880ºC with rapidly increased Jc (B//ab) peak. However, there is an abrupt 
change in the shape of the curves between Ts=880ºC and 890ºC. In the angle range from 0 to near 90º, the Jc of the 
films which were deposited at over 890ºC increased. On the contrary, Jc (B//ab) decreased. Since the formation of 
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[0 = [0 (1 – T/Tc)-1/2                                                                                             (1) 
 
Where [ is coherence length, [0 is coherence length at 0 K, and T is a measurement temperature. Here, [0 
perpendicular to the c-axis of YBCO was 3.1 nm [5]. We estimated the coherence length which is perpendicular to the 
c-axis at T/Tc=0.76 using (1) and [0. As a result, the value of the coherence length was 6.32 nm. 
   It indicates that the size of 3D-APC for perpendicular to the c-axis were about 6 nm. From TEM images shown in 
Fig. 5, we found that sample D contained precipitates which were distributed at random, and their sizes were10 nm 
along the c-axis and 6 nm perpendicular to the c-axis. As a result, the size perpendicular to the c-axis is almost the 
same with the size of 3D-APC as estimated above. Therefore, we concluded that these precipitates acted as 3D-APC.   
We have not identified the composition of these precipitates yet.  Taking into account the film deposited by the target 
with Cu-rich content, we guessed that the precipitates contained Cu, and YCuO2 would correspond to these 
precipitates as well as Ref. [3]. Based on these results, it would be possible to enhance Jc in the magnetic field by 
optimization of target composition without extra additions. 
 
 
 
Fig. 5. (a) TEM image of the sample D, (b) shows the high magnification image of the (a). 
 
4. Conclusion 
We tried to introduce the three dimensional APC (3D-APC) into the YBCO thin films in order to improve 
anisotropic Jc against magnetic field applied angle. YBCO thin films were prepared by using YBCO targets of which 
compositions were (A) Y : Ba : Cu = 1 : 2 : 3, (B) 1.1 : 2 : 3, (C) 1 : 2.2 : 3 and (D) 1 : 2 : 3.4. In case of sample B and 
C, Jc decreased as compared with sample A. From AFM images, we thought that this cause was a lot of precipitates on 
the surface of the sample B and C. However, Jc of the sample D increased and anisotropy of Jc was low. Using target D, 
we changed Ts and measured applied field angular dependence of Jc at various temperatures, in order to identify 
materials which act as pinning centers in these films. As a result, there is an abrupt change in the shape of applied field 
angular dependence of Jc between Ts=880ºC and Ts=890ºC, and the value of Jc(B//c)/Jc(B//ab) was saturated below 
T/Tc=0.76. Furthermore, the size of the materials which acted as pinning centers was estimated 6.32 nm for 
perpendicular to the c-axis. From the TEM image, it found that the film contained precipitates which were distributed 
at random and their size was about 6 nm for perpendicular to the c-axis. As compared with the coherence length at 
T/Tc =0.76, it is thought that the precipitates in the TEM image act as 3D-APC. 
References 
[1] Yamada. Y, Takahashi. K, Kobayashi. H, Konishi. M, Watanabe. T, Ibi. A et al. Epitaxial nanostructure and defects effective for pinning in 
Y(RE)Ba2Cu3O7-x coated conductors. Appl. Phys. Lett 2009; 87: 132502. 
[2] Baca. F. J, Barnes. P. N, Emergo. R. L. S, Reichart. J. N, and Wu. J. Z. Control of BaZrO3 nanorod alignment in YBa2Cu3O7-x thin films by 
microstructural modulation. Appl. Phys. Lett 2009; 94: 102512. 
[3] Feldmann. D. M, Ugurlu. O, Maiorov. B, Stan. L, Holesinger. T, Civale. L et al. Influence of growth temperature on critical current and magnetic 
flux pinning structures in YBa2Cu3O7-x. Appl. Phys. Lett 2007; 91: 162501. 
[4] Ginzburg. V. L. Comparison of the macroscopic theory of superconductivity with experimental date. J. Exptl. Theoret. Phys. (U.S.S.R.) 1959; 
36: 1372. 
[5] Varshney Dinesh, Singh. R. K, and Shah. Sanjay. Coherence lengths and magnetic penetration depths in YBa2Cu3O7-x and YBa2Cu4O8 
superconductors. Journal of Superconductivity 1996; 9: 629. 
c-axis
(a)
c-axis
(b)
